Mineral extraction is pursued in Greenland to strengthen the national economy. In order that new industries promote sustainable development, environmental impact assessments and social impact assessments are legally required and undertaken by companies prior to license approval to inform decision-making. Knowledge systems in Arctic indigenous communities have evolved through adaptive processes over generations, and indigenous knowledge (IK) is considered a great source of information on local environments and related ecosystem services. In Greenland the Inuit are in the majority, and Greenlanders are still considered indigenous. The Inuit Circumpolar Council stresses that utilizing IK is highly relevant in the Greenland context. Impact assessment processes involve stakeholder engagement and public participation, and hence offer arenas for potential knowledge sharing and thereby the utilization of IK. Based on the assumption that IK is a valuable knowledge resource, which can supplement and improve impact assessments in Greenland thus supporting sustainable development, this paper presents an investigation of how IK is utilized in the last stages of an impact assessment process when the final report is subject to a hearing in three recent mining projects in Greenland.
Introduction
The government of Greenland supports a strategy to attract international investors and companies that develop activities in the mineral resource sector in Greenland. The government sees the strategy as one way of promoting prosperity and welfare for Greenlandic society. 1 Although the government considers hydrocarbon and mineral extraction as activities that can support local and national development, citizens in different parts of Greenland have opposed proposed extractive industry projects for a variety of reasons. 2 They express reluctance to support extractive activities if the activities compromise what they consider their main livelihoods, such as sheep farming in south Greenland, tourism in west and east Greenland, or fisheries in northwest Greenland. 3 Traditions and established employment opportunities come first, but if extractive industries can develop hand in hand with community development without compromising environmental integrity, then citizens are broadly supportive. 4 A positive attitude from local residents creates a beneficial business environment for mining companies, the maintenance of which requires care, as mining activities can create desirable outcomes for local communities, but can also cause undesired impacts and harm, for example by compromising traditional activities such as subsistence hunting. 5 It is therefore important to plan with care and protect local interests when new extractive projects are implemented.
In Greenland, the Inuit make up the majority of the population, approximately 80 percent. 6 The government of Greenland also formally recognizes the Inuit living in Greenland as an Indigenous people. Through the Kingdom of Denmark, Greenland has ratified the International Labour Organization's Indigenous and Tribal Peoples Convention, 1989 (No. 169) (ILO C169), and adopted the UN Declaration on the Rights of Indigenous Peoples (UN DRIP). 7 Interestingly however, the Act on Greenland Self-Government itself does not contain any language relating to Indigenous peoples. 8 Still, in considering the need for careful planning to accommodate the increasing level of industrial development activities in Greenland, informally acquired skills and indigenous knowledge have been broadly identified as complementary qualifications and potentially useful competences in decision-making processes in the gradual transition from traditional to modern industries. 9 The Inuit Circumpolar Council -Greenland, for example, has suggested that the utilization of indigenous knowledge is highly relevant to the development of impact assessments in the Greenlandic context. 10 Critical voices have been raised questioning whether indigenous knowledge can be incorporated into assessments and other bureaucratic formats. 11 This paper does not go into that discussion, but rather starts with the assumption that there are potential benefits in utilizing indigenous knowledge in decision-making processes relating to capacity building and the promotion of sustainable development. This is in line with several of the Arctic Council declarations, which have emphasized how using traditional knowledge (in this context understood as indigenous knowledge) is essential for a sustainable future in the Arctic. 12 Methodologically, there are different approaches to incorporating indigenous knowledge in environmental impact assessments (EIA) and social impact assessments (SIA). For example, one of the basic principles of EIA according to the International Association of Impact Assessment (IAIA) is to use an interdisciplinary process that employs appropriate experts in relevant fields, including the use of traditional knowledge 13 (in this context understood as indigenous knowledge). To operationalize this process, the IAIA has developed international best practice principles to promote a meaningful integration of traditional knowledge as well as the respectful incorporation of Indigenous peoples in impact assessments in general. 14 These operating principles, as well as additional sources, 15 include recommendations that it should be up to the Indigenous peoples to identify who their knowledge holders are, and that they should be involved in determining the research questions and methodologies relating to how their knowledge should be collected and interpreted.
While there is substantial literature available on levels of participation and meaningful engagement of Indigenous peoples in impact assessment processes in the Arctic, studies focused on the utilization of indigenous knowledge in impact assessment conclusions and outcomes are still limited. 16 Recent studies have found, however, that practice is moving toward co-production of impact assessments, with developments driven by strong indigenous demands and the political recognition of material rights to land and resources. 17 This could indicate that indigenous knowledge is gaining more prominence within Arctic science, and is therefore more readily available to feed into impact assessments. This growing role of indigenous knowledge in impact assessment processes does not necessarily result in the outcomes that indigenous participants desire, however. For example, the inclusion of indigenous knowledge has rarely led to the rejection of unwanted projects altogether. Additionally, community influence in impact assessment tends to be in evidence generation and follow-up, while developers or state authorities retain control over the critical phases of scoping and determining how impact significance is assessed. 18 Overall, the level of indigenous influence on impact assessment conclusions and outcomes seems to be limited.
In Greenland, separate EIA and SIA guidelines are implemented to support decision-making in relation to permitting extractive projects and promoting sustainable development in communities when new extractive projects are developed. The public consultation meetings entailed in these processes are not specifically designed to solicit indigenous knowledge, however, and there is no generally acknowledged method for identifying indigenous knowledge in such engagement processes. Similarly, there is currently no way to evaluate the degree of utilization of indigenous knowledge in impact assessment processes. In this paper, we investigate the degree to which indigenous knowledge is utilized in impact assessment processes conducted as part of the licensing process for mining projects in Greenland and fed into the resulting reports.
The study presented is exploratory in its approach with a twofold purpose: to find out if and how this potential resource of indigenous knowledge is utilized (brought into key arenas); and to theorize about how the recognition and documentation of indigenous knowledge in impact assessment processes can be improved.
In the following sections we first discuss some of the ways that indigenous knowledge is conceptualized, and describe how we interpret the knowledge concept in our investigation. We then present the regulatory context of impact assessments related to extractive projects in Greenland and identify key arenas for utilizing indigenous knowledge. Subsequently, we describe how we analyzed three cases of impact assessment processes for mining projects in Greenland to see if and how indigenous knowledge influenced the content of the impact assessment reports.
Conceptualizing indigenous knowledge
People who live off the land and the sea, such as hunters, fishermen and farmers, depend on observing and interpreting signs in their surrounding environments. 19 It is essential for these people and the communities in which they reside, to acquire knowledge about signs, patterns and variations in nature. It is also important for them to pass on their knowledge and share their experiences, as these relate to cohabitation with their environment and thus the communities' continued existence. 20 These types of environmental knowledge are recognized in many parts of the Arctic, often related to practices of subsistence hunting and gathering, fishing and herding. 21 Knowledge about the environment is typically passed on from individual to individual through the generations; and this sharing of knowledge is built into traditional customs facilitated through formal and informal training and practices of traditional communal activities. In several areas of the Arctic, a majority of local household economies are either directly or indirectly involved in the harvesting of renewable resources and thus continue to rely on the inherently developed knowledge systems.
Within the context of Arctic indigenous communities, there is a wide variety of knowledge concepts used to describe the knowledge of Indigenous peoples, the most frequently used and widely referenced being traditional knowledge, and increasingly, indigenous knowledge. 22 Other examples are traditional ecological knowledge and local knowledge, 23 ranging from "knowledge about the environment, knowledge about the use of the environment, values about the environment, and the knowledge system itself" 24 to concepts in local knowledge as part of social, cultural and political processes happening at the local, national and global levels. 25 Inuit Qaujimajatuqangit is another knowledge concept, which can be considered a subset of indigenous knowledge. It has been introduced by Inuit organizations in Nunavut, Canada, and covers Inuit traditional knowledge, as well as contemporary Inuit knowledge, and reflects Inuit cosmology, societal values and experience. 26 George Wenzel 27 has argued that Inuit Qaujimajatuqangit appears more inclusive by recognizing the social value of everyday and representative aspects of indigenous knowledge. One of the guiding precepts of Inuit Qaujimajatuqangit relates to the principle of 'Pilimmaksarniq', which refers to the acquisition of knowledge and skills and the improvement of skill through practice. 28 Wenzel suggests that this principle helps illustrate the general problem of divorcing knowledge from whatever social context or process of learning it originally emerged from. Processes of labeling or defining knowledge in fixed ways fail to capture fully what is often a dynamic and flexible subsistence practice. As Wenzel suggests, "The fact that Inuit Qaujimajatuqangit is often equated with traditional ecological knowledge […] diminishes the depth of its sociocultural content (and importance)". 29 This is also reflected by Noor Johnson, stating that "Inuit knowledge cannot be divorced from economic life, kinship, the land, animals, or emotional experience; it is fed by and feeds into each of these". 30 The Inuit Circumpolar Council, one of the six Indigenous peoples' organizations recognized as Permanent Participants in the Arctic Council, originally used the term traditional knowledge. 31 Together with the other Permanent Participants, they also agreed to use the term traditional knowledge in the work of the Arctic Council and developed the Ottawa Traditional Knowledge Principles 32 in 2015. This term was not intended to replace other terms or definitions used by individual organizations on a national level. Later, the Inuit Circumpolar Council changed their own term from traditional knowledge to indigenous knowledge 33 in order to reflect more adequately the indigenous aspect of the knowledge, while otherwise retaining the same definition of the knowledge concept. This transition was later echoed by the other Permanent Participants in October 2018, leading to changing the term in the Ottawa Principles to indigenous knowledge. 34 Throughout the rest of the article, we will be using the Inuit Circumpolar Council definition of indigenous knowledge 35 as: … A systematic way of thinking applied to phenomena across biological, physical, cultural and spiritual systems. It includes insights based on evidence acquired through direct and longterm experiences and extensive and multigenerational observations, lessons and skills. It has developed over millennia and is still developing in a living process, including knowledge acquired today and in the future, and it is passed on from generation to generation.
Assessing indigenous knowledge in impact assessments
Indigenous knowledge is not necessarily easy to document and assess, and due consideration must be observed in relation to, for example, local customs and traditional land tenure systems, as well as indigenous cultural and intellectual property rights in the Arctic. 36 A significant proportion of the literature on indigenous knowledge in an Arctic context, as discussed here, concerns the implications of framing indigenous knowledge for managerial purposes, such as the administration of hunting quotas in Greenland. 37 In the study presented here, in order to capture both the ecological and cultural content, we have chosen to identify topics relevant to indigenous knowledge as any knowledge about (the list is not exhaustive and not in prioritized order):
• The environment in general, including ecological links • Animals, including distribution, migration and behavior • Plants, including distribution • Climate, including currents, winds, snow, ice and seasonality • Traditional activities, including use of land and water for hunting and gathering, fishing, recreation and navigation • Culture, including past and present traditions, values, beliefs and priorities • Traditional foods, including preparation and storage • History of people and landscapes • Traditional rights, including customary law
Greenlandic impact assessment regimes
On June 21, 2009, the Act on Greenland Self-Government came into force. This allowed the government of Greenland to assume responsibility for mineral resources and thereby have the right to utilize and earn revenue from hydrocarbons and minerals in the subsoil of Greenland. Greenland consequently adopted the Act on Mineral Resources and Mineral Resource Activities (the Mineral Resources Act) on December 7, 2009, and took home the responsibility for the mineral resource sector on January 1, 2010 from its former colonial power, Denmark. The Mineral Resources Act contains provisions that regulate environmental as well as social impacts from mineral resource activities.
The Mineral Resources Act, part 15, section 73 stipulates that an EIA must be conducted prior to any development activity if it is assumed to have a significant impact on the environment, and that the EIA report must be approved by the government of Greenland before a mineral resource activity can be allowed. Exploitation of hydrocarbons and mineral resources including construction, operation, subsoil storage and closure of activities and facilities are all activities assumed by scientific advisors to the Greenland government to have a significant impact on the environment. Other activities that have triggered EIAs include seismic surveys and exploratory drilling programs for offshore hydrocarbon wells.
Similarly, part 16, section 76 of the Mineral Resources Act stipulates that a social sustainability assessment (otherwise reminiscent of, and used synonymously with, an SIA) has to be conducted if a mineral resource activity is assumed to have a significant impact on social conditions. The government of Greenland must approve the SIA report before a mineral resource activity can be allowed. Two mineral resource activities have so far been assumed by scientific advisors to the Greenland government to have a potential significant impact on social sustainability: 1) exploratory drilling programs for hydrocarbon wells and 2) constructing and operating mines. In essence, except for seismic activities, the same mineral resource activities that trigger an EIA will also trigger an SIA. 38 Sections 74 and 77 of the Mineral Resources Act stipulate that it is the applicant for the license who must prepare impact assessment reports. The impact assessment regimes for extractive industry projects in Greenland are in this way rooted in the Mineral Resources Act. The Act is a framework of legislation that specifies the overall structure of the internal procedures. It is supported by formal guidelines with detailed requirements for preparing EIA reports for hydrocarbon and mineral resource activities, and guidelines for the process and preparation of the SIA report for mineral projects. For the SIA process, the Ministry of Industry, Labor, Trade and Energy is the responsible authority. For the EIA process, the Environmental Agency for Mineral Resource Activities (EAMRA), an agency under the Ministry of Nature and Environment, is responsible for environmental issues including the EIA process. The Mineral License and Safety Authority (MLSA), an agency under the Ministry of Mineral Resources, Labor and the Interior, is responsible for coordinating and licensing. 39 
Indigenous knowledge in Greenlandic impact assessment regimes
Examples of indigenous, traditional, local or user knowledge are occasionally shared by Greenlanders in national media outlets, for example when speaking about climate changes or fishing and hunting regulations. Indigenous knowledge has been successfully engaged, documented and employed in Greenlandic cases where locally based environmental monitoring projects have been tested and subsequently acknowledged by the scientific community. 40 In spite of these examples, however, official recognition and formal acceptance by the authorities in Greenland of the usefulness of indigenous knowledge in relation to industrial activities is still lacking.
In the mineral resource sector in Greenland, the use of indigenous knowledge in official documents is neither prominent nor consistent, possibly reflecting different professional perceptions resulting in varying understanding of what knowledge is considered legitimate in different sectors. Within the hydrocarbon sector, looking at the language used in the official guidelines for preparing EIAs reveals that only scientific knowledge and information is referred to as a legitimate knowledge source. Indigenous knowledge holders are referred to as "local authorities, stakeholders, and the general public" and their engagement process is limited to public consultations through a hearing process and review of the EIA report. 41 The guidelines that come closest to mentioning topics related to indigenous knowledge are the offshore seismic guidelines, 42 which note, "Whales and seals are important for the Greenland subsistence hunt, and especially the summer hunt for narwhals in Melville Bay is at risk of being impacted by seismic surveys".
Within the mineral sector, the Greenlandic SIA guidelines for the process and preparation of the SIA report for mineral projects use the terms 'traditional knowledge' and 'local knowledge', and it seems that the two terms are used almost synonymously in this context, as can be seen in following sections:
The company is obliged to involve relevant stakeholders and apply local knowledge in connection with preparing this report. 43 (p. 15) When preparing the SIA report, the company must use traditional and local knowledge as far as possible by collecting information through qualitative interviews. It is important to incorporate local knowledge from individuals, commercial hunters and fishermen etc. This knowledge may have been passed on from generation to generation and has not necessarily been described and analysed in publications and public literature. It is recommended that the licensee describes, analyses and uses the traditional knowledge existing in the area in the SIA report. This knowledge may also include municipal planning documents and similar descriptions. 44 (p. 24) In the guidelines for preparing an EIA report for mineral exploitation in Greenland, there is no mention of 'traditional knowledge'. Instead, the term used is 'local knowledge', and the focus seems to be on 'local use' including conflict mitigation, as can be seen in the following sections:
The environmental baseline studies shall cover at least the following issues: • Chemical and eco-toxicological aspects (pollution) • Disturbance aspects (impacts on flora and fauna) • Local use and local knowledge study 45 (p. 9)
The information can be obtained from own [sic] specific field studies, from published information (e.g. DCE and GINR reports) and from local knowledge. 46 (p. 10)
Local use and local knowledge study: It is important to include local knowledge in the preparation of the EIA report. Special attention shall be aimed at mitigating conflicts between the mining activities and the local use of the area for hunting, fishing, recreation and tourism. Inclusion of local knowledge can be through interviews with and questionnaires distributed to representative groups such as local hunters and fishermen, tourist operators and local industries. 47 (p. 10) The guidelines on EIAs and SIAs in Greenland define when interaction is to take place between stakeholders, including the consultants, the company applying for a license, the public and others. Interaction and communication are considered prerequisites for potential knowledge sharing. For example, the SIA guidelines declare that:
The process of preparing a Social Impact Assessment is characterized by having a high degree of public participation before, during and after the launch of a project. The aim is that all relevant stakeholders must be informed about the project and heard in the process, be given the opportunity to contribute with knowledge about e.g. local conditions, and be active in the work and the decision-making process in proposals for location of installations etc. In connection with preparing an SIA report, knowledge and experience from people familiar with Greenlandic conditions must be included as far as possible. It is therefore recommended that local individuals, local consultants and enterprises be involved in this process as far as possible. 48 (p. 23) To summarize, the term indigenous knowledge is used in neither the SIA guidelines nor the EIA guidelines for hydrocarbons and minerals in Greenland. Furthermore, for minerals there is a difference between the terms used in the SIA and the EIA guidelines, the former using traditional and local knowledge, and the latter using only local knowledge. The guidelines are in general characterized by the use of language like 'Greenlandic', 'citizen', 'local population', 'stakeholder', 'general public' and 'local inhabitant'. This is in contrast to the neighboring country of Canada, which also encompasses Inuit homelands, and where language like 'Inuit' and 'indigenous consultation' are commonly used. Inuit in both countries share a high level of self-governance and have Inuit majorities in their homelands, but the difference may be due to the Greenlandic choice of creating a public government versus the Canadian choice of creating indigenous governments.
Key arenas for utilization of indigenous knowledge
When looking at the typical phases of EIA and SIA processes in Greenland and the arenas where stakeholder involvement takes place, it becomes apparent that there are several entry points where indigenous knowledge can be utilized ( fig. 1) . A closer description of the different phases and why they constitute potential arenas for the utilization of indigenous knowledge follows below.
Scoping phase: Public pre-consultation (draft ToR)
Since 2012, a public pre-consultation has been required during the scoping phase of a project to ensure early involvement of stakeholders in Greenland. Applicants have to prepare a draft Terms of Reference (draft ToR) based on initial scoping, setting out a preliminary table of contents for the EIA and SIA reports. The draft ToR is submitted to the authorities and published on the government of Greenland website for a Figure 1 . Typical phases of EIA and SIA processes relating to mineral resource activities in Greenland, and the arenas of stakeholder involvement that provide entry points for the utilization of indigenous knowledge. Dark arrows indicate stakeholder involvement through public consultations, and light arrows indicate stakeholder involvement in data collection and impact assessment. 35 day public pre-consultation. The public pre-consultation provides the first entry point where indigenous knowledge can be utilized. Based on submitted comments from stakeholders, the applicant will revise the draft ToR for final approval by the government of Greenland. A white paper for the ToR containing the received comments and the responses from the applicant and authorities will be made publicly available. Impact assessment phase: Drafting the EIA and SIA reports Subsequent to the approval of the ToR by the authorities, the applicant can commence the process of drafting the EIA report and the SIA report. This includes a baseline study and data collection to make an environmental and a social baseline respectively. These baselines are used as the foundation on which predictions of the impact from the planned mineral resource activities are made, the significance of a negative impact on the environment or social conditions is assessed, and mitigation measures are proposed. During the impact assessment phase, consultants can draw upon knowledge from several sources. This provides the second entry point for utilizing indigenous knowledge. The draft EIA/SIA report is then submitted to the government of Greenland for the next phase.
EIA/SIA report review phase: Public consultation
When the draft EIA/SIA report fulfils the minimum requirements, it is submitted to the government of Greenland and published on the government of Greenland website for an eight week public consultation. During the eight weeks, public consultation meetings must be held in towns and settlements significantly affected, whether directly or indirectly, by the mineral resource activities. The public consultation period allows the public to submit their comments in oral form, e.g. at the public meetings, or in written submissions. This provides the third entry point where indigenous knowledge can be utilized.
When the public consultation period is over, the applicant will revise the Draft EIA/SIA reports based on the written comments submitted during the public consultation period, and the oral comments raised at the public consultation meetings. The revised EIA/SIA report is submitted for final approval by the government of Greenland. The final EIA/SIA reports provide a basis for the decision-making process with all information necessary to determine the conditions of permission and approval of the proposed mineral resource activities. A white paper for the EIA/SIA report containing the received written and oral comments, and the responses from the applicant and authorities, will be made publicly available.
Considering the stakeholder involvement that takes place during these three phases, we have identified them as arenas for the utilization of indigenous knowledge in EIA and SIA processes in relation to mineral resource activities in Greenland ( fig. 2 ). Besides the three arenas mentioned in Figure 2 , there is at least one other arena, which may be considered relevant as an entry point for utilizing indigenous knowledge. This
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is the monitoring phase after the approval of a mineral resources activity as defined in the Environmental Management Plan, which covers the monitoring of impacts during construction, operation, closure and post-closure stages. The EIA guidelines state that:
The Environmental Management Plan shall include a comprehensive plan/programme for control and ongoing monitoring of, for instance, emissions, discharges, disturbance of and damage to wildlife.
However, there is no requirement for the involvement of stakeholders during the monitoring phase. It is therefore up to the companies to decide whether to include indigenous knowledge in the programs for this phase.
Analytical approach
The analysis presented in this paper focuses on the utilization of indigenous knowledge in the third arena as illustrated in Figure 2 : SIA/EIA report review. In order to analyze the extent to which indigenous knowledge was utilized in practice, three applications for permits to establish mines in Greenland were analyzed. The three cases are the only ones that have been subject to full report review under the current EIA and SIA regimes in Greenland and therefore the only ones for which white papers for both EIA and SIA consultations had been published at the time of the analysis presented here. White papers for the three case-related EIA reports and one SIA report were analyzed.
The analysis was conducted using the constructivist strand of informed grounded theory. This is an inductive research methodology, which develops theories or hypotheses from data through systematic and iterative strategies for data collection and analysis. 49 Informed grounded theory builds upon this by adding literature review strategies that take advantage of pre-existing theories and research findings in an open-minded way. 50 The analysis was carried out in two steps: first, an initial screening of the white paper documents in each case was conducted to identify overall categories related to indigenous knowledge. Second, an in-depth analysis of the same papers was conducted, with attention to the characteristics of the comments made, including the proportion of indigenous knowledge related comments and the influence of indigenous knowledge comments on the content of the reports after revision. The two steps are further described in the following. 4.1 Creating the frame: Screening of EIA and SIA white papers The first step in the document analysis presented in this paper involved a screening of white papers related to the third key arena for utilizing indigenous knowledge: the review of EIA and SIA reports. In each of the three cases subject to investigation, white papers for EIAs and SIAs were screened with the purpose of identifying where and how indigenous knowledge was included. The findings from the screening were used to frame an in-depth subsequent analysis of the same documents, as described below (section 4.2).
Based on the knowledge concepts of indigenous knowledge, traditional knowledge, traditional ecological knowledge, Inuit Qaujimajatuqangit and other related knowledge concepts (described in section 2), the descriptions of these elements of knowledge systems provided an informed foundation of what to notice in the comments. The comments were reviewed in order to identify elements that indicated knowledge, practices, values, traditions and priorities that reflect Greenlandic Inuit culture, whether as comments, criticisms or questions. Elements were coded and condensed into categories that were compared iteratively and adjusted if necessary. The initial screening led to the identification of overall categories for the topics raised in the cases, such as 'social' or 'political'. The screening further led to the identification of a number of sub-categories. Patterns in the way indigenous knowledge was revealed, by whom, and what characterized the comments were identified and noted. The categories presented in Table 1 show how the comments were ordered according to overall issues, fields and areas. 
Analysis of comments with regard to indigenous knowledge characteristics
After the analytical framework was established, we went through the documents again, making a detailed analysis in which the categories and comments were further nuanced. We also identified the percentage of comments related to indigenous knowledge versus the total number of comments made for each case and noted
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which led to changes, such as additions to sections, reformulations or other things in the EIA and SIA reports. Using the grounded theory approach, the documents were analyzed systematically but also in an iterative manner to recognize what could be identified as comments based on indigenous knowledge and the characteristics of these comments. Based on this analysis, four indicators of indigenous knowledge in responses in the white papers were identified. The comments all covered topics according to the list provided in section 2.1 and could be sorted according to the categories presented in table 1. Comments that contained indigenous knowledge were on topics related to traditional activities and lifestyles that could potentially relate to indigenous knowledge systems and/or involved concerns and priorities that reflected traditional and cultural values and/or involved Indigenous peoples' rights, including customary traditional rights.
Data and data collection
The white paper document summarizes consultation statements, comments and questions that were given in written or oral form during the consultation phases of the EIA and SIA processes. In addition to comments and questions raised by members of the public, the white paper includes replies from the company, comments of the relevant authorities and scientific advisors, and descriptions of how and where the conclusions made from the comments would lead to changes in the EIA/SIA report. The white papers and impact assessment reports relating to mining projects in Greenland are part of the decision-making basis for the government of Greenland, and are publicly available on the government's main website under the tab of public consultation to ensure transparency.
We screened the accessible documents from 2012 to 2015 related to three impact assessment processes, which were carried out under the regulatory regime described above. To confirm that we had the right and most recent documents, we contacted a government official who confirmed by mail and provided links to the relevant documents. The document analysis comprised three cases with associated white papers, a total of more than 500 pages were analyzed.
As mentioned in section 2.3, we reviewed these documents to identify input reflecting knowledge, experience and traditions relating to the local environment, both social and biophysical. We considered input into all sections of these documents, including the terms of reference (formal protocol), the data and data collection methods, analysis/interpretation of results, and the conclusions made. Since we did not investigate the background of the respondents and the source of their knowledge, it proved difficult to distinguish between local and indigenous knowledge. We therefore risked including too many comments during the screening. To mitigate this risk, we filtered the comments to include only those made by Greenlandic civil society and Greenlandic organizations. Other comments from Greenlandic sources were included when they were not purely governmental or technical in nature. It could be argued that we then could risk excluding relevant comments, however it proved possible in practice to differentiate between Greenlandic and non-Greenlandic respondents, as well as distinguish between nontechnical versus technical and procedural comments.
Three mining projects
To get an indication of how indigenous knowledge is present in white papers, we have analyzed three cases of mining projects in Greenland, based on the criteria that the projects have received licenses for exploitation, have undergone public consultation processes with public consultation meetings, and have published white papers from the EIA and SIA report review processes (table 2) . A map showing the location of the three mining projects in Greenland can be seen in Figure 3 .
Citronen Fjord -Zinc/Lead
The Citronen project is located in northeast Greenland. It is considered one of the world's largest undeveloped zinc-lead resources. 51 Ironbark Zinc Ltd. has been exploring in the area since 2007. The pre-consultation (draft ToR) requirement is not applicable to Ironbark as their exploration license was granted before the adoption of the Mineral Resources Act in 2009.
ISUA -Iron
The Isukasia Iron Ore project in Greenland, is approximately 150km northeast of the capital Nuuk. The ISUA project was initially owned by London Mining and includes the development of an open pit mine, an ore processing plant, as well as shipping and other necessary facilities and infrastructures. ISUA contains according to the government 52 a remarkable iron formation within the so-called ISUA Greenstone Belt. Two thirds of the ore body is expected to be concealed under the inland ice cap. Exploration has been carried out since 2004, and London Mining Greenland A/S was granted an exploitation permit in 2013 53 with financial backing provided by General Nice Development Ltd. The project is presently on hold. If the project is to move forward, then the licensee must submit an exploitation and closure plan to the government of Greenland, and will have to negotiate an IBA with the local and national authorities. The pre-consultation (draft ToR) requirement was not applicable to London Mining as their exploration license was granted before the adoption of the Mineral Resources Act in 2009.
Aappaluttoq -Rubies
Aappaluttoq is located in the southern part of west Greenland. The area hosts according to the government 54 a ruby-pink sapphire deposit. 55 The area has been under exploration since 2004 by True North Gems Greenland, which was granted a license but went bankrupt in 2016. The license was awarded to LNS Greenland A/S in 2016 and its sister company Greenland Ruby A/S took over the license and responsibility for sales and marketing, while LNS Greenland is responsible for the operation of the mine.
Findings
Our analysis of white papers showing oral and written comments received during the consultation processes for the EIA and SIA report reviews showed that comments related to indigenous knowledge tended to be on topics of climate conditions, biological issues, traditional activities, historical and cultural sites, use of land and water, and Indigenous peoples' rights.
The detailed analysis of categories and sub-categories of comments as described in section 4.2 can be seen in Appendix A with detailed descriptions of topics and issues.
The identification of comments related to indigenous knowledge made it possible to analyze the proportion of these separate from the total number of received comments, including which of them led to changes in the EIA and SIA reports. Below we summarize our analysis for each case of mining projects in Greenland.
Case of Citronen Fjord
In the white paper for the EIA report for the Citronen Fjord project, 115 comments were submitted during the public consultation including 19 comments related to indigenous knowledge. Of the total comments, 11 led to updates of the EIA report; none of those comments were related to indigenous knowledge (Table 3 ).
In the white paper for the SIA report for the Citronen Fjord project, 142 comments were submitted during the public consultation including 12 comments related to indigenous knowledge. Of the total comments, 18 led to updates of the SIA report, and one of the comments was related to indigenous knowledge (table 3) . The remark related to indigenous knowledge that led to change concerned the inclusion of international agreements relating to Indigenous peoples' rights, which led to the addition of information to the report. 
Case of ISUA
In the combined white paper for the EIA and SIA report for the ISUA project, 321 comments were submitted during the public consultation including 17 comments related to indigenous knowledge. Of the total comments, 46 led to updates of the EIA and SIA reports; 6 of those comments were related to indigenous knowledge (table 4 ). The comments related to indigenous knowledge that led to changes concerned descriptions of cultural heritage sites and legislation on their protection, indicators of the impact on traditional living conditions, recommendations to coordinate with KNAPK (the Association of Fishers and Hunters in Greenland), and a correction of sled dog areas. The changes reflected the addition and correction of information in the report, and of the procedural involvement of stakeholders in this regard. 
Case of Aappaluttoq
In the white paper for the EIA report for the Aappaluttoq project, 76 comments were submitted during the public consultation including three comments related to indigenous knowledge. Of the total comments, 19 led to updates of the EIA report two of which were related to indigenous knowledge (table 5). The comments related to indigenous knowledge concerned information on eagles.
In the white paper for the SIA report for the Aappaluttoq project, 103 comments were submitted during the public consultation including 12 comments related to indigenous knowledge. Of the total comments, five led to updates of the SIA report one of which was related to indigenous knowledge (table 5). The remark related to indigenous knowledge concerned the designation of Indigenous peoples in Greenland.
A separate section in the white papers for the Aappaluttoq project contains comments from public consultation meetings in the communities of Qeqertarsuatsiaat, Paamiut, and Nuuk, and they are not differentiated between SIA and EIA topics. There were 47 comments, one of which was related to indigenous knowledge. None of the total comments led to changes in the EIA and SIA reports.
An overview of all three cases can be seen in Figure 4 below, showing the total number of comments and the proportions of indigenous comments and other Figure 4 . Diagram of all three cases showing the proportion of indigenous comments and other comments: both the ones that influenced the IA reports by leading to change, and the ones that did not influence the IA reports. comments, including the ones that influenced the IA reports by leading to changes in the reports and the ones that did not lead to any change.
Identification of stakeholders
From the analysis of the white papers, we found that the groups of stakeholders submitting comments could in general be categorized as: We found that the groups of stakeholders submitting comments related to indigenous knowledge were typically Greenlandic citizens, representatives of civil society organizations, as well as government officials in governmental agencies. The analysis also showed that indigenous knowledge comments tended to be of a more general nature, although there are a few examples with very concrete knowledge of certain areas/issues.
Conclusions
Through the study presented in this paper, we wanted to explore if and how indigenous knowledge is present in the final stages of impact assessment processes related to extractive industries in Greenland. We also aimed at developing a framework for recognizing and documenting indigenous knowledge in impact assessment processes in Greenland. The study involved analysis of a key arena for stakeholder engagement, and thus a key arena for potential utilization of indigenous knowledge. This arena involved the public participation procedures in relation to the review of draft impact assessment reports. Through analysis of documents relating to three mining projects in Greenland, we found that issues involving elements of indigenous knowledge were raised throughout the three consultation processes investigated, but that other comments were more numerically dominant. The level of influence of the comments involving indigenous knowledge on the impact assessment reports was low in all three cases. Comments related to indigenous knowledge were recorded in the white papers, and some of these comments led to additional information or correction of information being incorporated in reports. These comments did not lead to any significant influence on the assessments, however, nor did they lead to adjustments in the projects' scope. For example, in the case of ISUA, the SIA report assessed the impact on traditional reindeer hunting as low. This was criticized by an Indigenous peoples' organization due to concerns of hunters about the significant long-term impact on traditional living conditions. Although the remark led to an update of the SIA report to include indicators of the impact on traditional living conditions in a monitoring plan, it did not lead to direct changes in the assessment of impact significance, project design or mitigation measures.
With regard to the second aim of the paper, the development of a methodology for investigating the presence of indigenous knowledge in impact assessment white papers, we developed an analytical framework involving four themes, which could identify elements of indigenous knowledge held by and informing the comment of a respondent. Themes that can be investigated are whether the comments indicate:
1) Knowledge about topics and issues relevant to indigenous knowledge, such as the categories provided in section 2.1. 2) Traditional activities/lifestyles related to indigenous knowledge systems.
3) Concerns and priorities that reflect traditional/cultural values embedded in indigenous knowledge and cosmology. 4) Indigenous peoples' rights, including customary traditional rights.
Indigenous knowledge may in the future play a more central role as a resource brought into impact assessments than is the case today. International agreements such as UNDRIP and ILO 169 promote the inclusion of indigenous knowledge, and steps are being taken by various nations that have ratified these agreements to implement this conduct in domestic legislation. The recent Agreement on Enhanced International Arctic Scientific Cooperation under the auspices of the Arctic Council has reiterated the importance of encouraging the utilization of traditional and local knowledge in the planning and conduct of scientific activities. 56 There seems to be a general expectation in the Greenland impact assessment guidelines however, that indigenous knowledge will inevitably be brought to the table and included in the process if participation processes/arenas allowing for it are provided. There is, however, a lack of knowledge supporting these expectations, and there is similarly a lack of experience on how to utilize indigenous knowledge in an appropriate manner once it has been brought into the assessment process.
In this paper, we have provided an initial approach for identifying and investigating indigenous knowledge in impact assessment processes. In order to go beyond the conclusions regarding the presence of comments involving indigenous knowledge in impact assessment processes, further research would be required. As we did not explore the other two key impact assessment arenas described in section 3.2, we cannot say whether indigenous knowledge has been utilized in the assessment process in earlier phases, or if this has influenced the number and content of comments in arena three. Furthermore, the processes subsequent to the impact assessment reports, such as conditions and requirements in government licenses, contingency plans, environmental management plans, and impact benefit agreement negotiations could be the basis for studies of the degree of inclusion of indigenous knowledge. We would therefore like to encourage further research in this field to allow for more in-depth reflection and better understanding of the utilization of indigenous knowledge in impact assessments in general. In addition, studies in relation to the evaluation of the benefits added to the process from utilizing indigenous knowledge and effective tools in this regard would be relevant to inform future guidelines for impact assessment procedures in Greenland.
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